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The purpose of this report  is to express  that par t  of the ea r th ' s  

gravitational potential f rom the sixth zonal harmonic through the 

twelfth, along with its par t ia l  derivatives with respect  to an iner t ia l  

geocentric coordinate system, in a f o r m  suitable fo r  inclusion in the 

numerical  integration of position partial  derivatives for an ear th  satel-  

lite. Values for the harmonic coefficients a r e  a lso given. 

EQUATIONS O F  MOTION 

The ear th ' s  potential is 

P u =- r 

where 

p = GM 

R = radius of the ear th  
, 
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J, = zonal harmonic coefficients ( n = 2 ,  3 , - - - )  

pn = Legendre polynomials ( n = 2, 3 , - - - )  

$ = geocentric latitude. 

The Legendre polynomials are 

1 

16 
P6(sin$) = - (231 s i n 6 ~ - 3 1 5 s i n 4 ~ + 1 0 5 s i n 2 ~ - 5 )  

1 
16 P7 (s in#))  = - (429 sin7+- 693 sin5++315 sin3+-35 s in+)  

1 
128 P,(sin#)) = - (6435 sin8+-12012 sin6++6930sin4+-1260sin2$+35) 

1 
128 Pg(sin#)) = - (12155 sin94-25740 sin7$+18018 sin5+-4620 sin3++315 sin$) 

1 
25 6 

Pl ( s i n  4) = - (46189 sin' '4- 109395 sin8+ t 90090 sin6$- 30030 sin4$ 

t3465 sin2+-63) 

1 
256 

Pll (s in#))  = - (88179sin1'#)-230945 sing+t218790sin7+-90090sin5+ 

t15015 sin3$-693sin$) 
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t225225 sin4+- 18018 sin2++231). 

c 

We consider an orthogonal, earth-centered iner t ia l  coordinate 

sys tem in which the z -ax is  coincides with the ear th ' s  axis of rotation. 

Then, 

F o r  the disturbing function 

;e have 

J7 R7z 6 

(429 z - 693 z4r2 F =e[% (231 z6 -315 z4r2 +lo5 ~ 2 ~ 4 - 5  r6) - 
16r12 16r14 

. 
t315 z2r4 -35 r6) 
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JgR9 z 
t- ( 1 2 1 5 5 ~ ~  - 25740z6r2 t 18018~ '  r4  - 4620 z 2  r 6  t 315 r 8 )  

128r18 

JloR" 
t- (46189~" - 109395z8r2 t 90090z6r4 - 30030z4r6 t 3465z2r8  - 63rlo) 

256 r 

J I I R " z  

256 r 2 2  
t (88179 z O- 230945 z r t 218790 z r 4  - 90090 z r t 15015 zzr  - 693 r O) 

J 1 2 R 1 2  
t (676039 z l 2  - 1939938 z10 r 2  t 2078505 z8  r 4  - 1 0 2 1 0 2 0 ~ ~  r 6  t 225225 2' r 

1024 r 2 4  

- 1 8 0 1 8 ~ ~ r ' ~  t 231r12) , 1 
( 4 2 9 ~ ~ -  495z4r2  t 1 3 5 ~ 2 1 - 4  - 5 r 6 )  

aF 
a x  

45 J, R8 
128r16 

t ( 2 4 3 1 ~ ~  - 4004z6r2 t 2002z4r4 - 3 0 8 z 2 r 6 +  71-8) 

55 J g R 9  z 

128 r I 8  
t ( 4 1 9 9 ~ ~ -  7956z6r2 t 4914z4r4 -  1 0 9 2 z 2 r 6 +  63r8)  

. 
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- 2970z2r10 t 33r12) , 1 
7 J6R6 E =  - "Y [- ( 4 2 9 ~ ~  - 495z4r2 t 135z2r4 - 5 r 6 )  

a y  r3  16r12 

55 JgR9  z 

128 r18 
t ( 4 1 9 9 ~ ~ -  7956z6r2 t 4914z4r4 - 1092z2r6 t 63r8) 

33 JloR'O 

256 r Z o  
t (29393~"- 62985z8r2t 46410z6r4- 13650z4r6t 1365z2r8- 21r'O) 
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91 j l 2 ~ I 2  
t ( 185725 z 2- 490314 z r t 479655 z 8r 4- 213180 z 6r t 42075 z 4  r 

1024 r 2 4  

- 2970z2 rlO+ 33rI2)  , 1 
(429 z - 693 z4r t 315 z r - 35 r 6 ,  

J 7 R 7  
t- ( 6 4 3 . 5 ~ ~ -  12012 z6 r2+6930z4r4 -  1260z2r6t  35r8)  

16r14 

9 J ~ R ~ Z  
t (12155 z 8- 257402 6 r2  t 18018 z 4  r 4  - 4620 z 2  r + 315 r 8, 

128rI6 

5 J 9 R 9  
t (46189 2' O - 109395 z r + 90090 z r4- 30030 z 4  r + 3465 z r8- 63 r1O) 

128r18 

11 J ~ ~ R ~ ~ ~  
t (88179 z - 230945 z r t 218790 z r 4  - 90090 z 4  r 

256 r Z o  

t 15015z2r8- 693rl0) 
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13 J12R12z 

1024 r24  
t (13Ooo75 z - 4056234 z r t 4849845 z r4 - 2771340 z r 

t 765765z4r8- 9 0 0 9 O ~ ~ r ~ ~ +  3W3r124.  

HARMONIC COEFFICIENTS 

Values for  the zonal harmonic coefficients as given by Kozai (1) 

a r e  

J, = 0.39 f 0.12 x 

J,  = - 0.02 * 0.02 X 

J, = -0.470 rt 0,021 x lo-, 

J9 = 0.117 f 0.025 x lo-,. 

Values presented by King-Hele, Cook, and Rees  (2) are 

J, = 

J, = 

0.72 i 0.2 x 

0.34 f 0.2~ lo-, 

J,, = -0.50 f 0.2 x lo-, 
= 0.44 f 0.2 X l o m 6 .  Jl-2 

(A value for J , ,  could not be found.) 
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